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METHOD FOR MANUFACTURING A POLISHING PAD HAVING A 
COMPRESSED TRANSLUCENT REGION 
TECHNICAL FIELD OF THE INVENTION 
[0001] This invention pertains to a method for producing a poUshing pad comprising a 
compressed region that is at least translucent to light, a poHshing pad produced thereby, 
and a method of using such a polishing pad. 

BACKGROUND OF THE INVENTION 
[0002] In polishing the surfece of a substrate, it is often advantageous to monitor the 
polishing process in situ. One method of monitoring the poHshing process in situ involves 
the use of a polishing pad having an aperture or vvindovr. The aperture or window 
provides a portal through which Ught can pass to allow the inspection of the substrate 
surfece during the polishing process. PoUshing pads having apertures and windows are 
known and have been used to polish substrates, such as semiconductor devices. For 
exanq>le, U.S. Patent 5.605,760 (Roberts) provides a pad having a transparent ^^indow 
formed from a solid, uniform polymer, which has no intrmsic ability to absorb or transport 
slurry. U.S. Patent 5,433,651 (Lustig et al.) discloses a poUshing pad wherein a portion of 
the pad has been removed to provide an aperture through which light can pass. U.S. 
Patents 5,893,796 and 5,964,643 (bothby Birang et aL) disclose removing a portion of a 
polishing pad to provide an ^erture and placing a transparent polyurethane or quartz plug 
in the aperture to provide a transparent window, or removing a portion of the backing of a 
polishing pad to provide a transhicency in the pad. 

[0003] Stm, there remains a need for effective polishing pads comprising translucent 
regions, as well as methods for the production and use of such poUshing pads. The 
invention provides such a poUshing pad and methods of production and use. These and 
other advantages of the present invention, as weU as additional inventive features, will be 
apparent from the description of the invention provided herein. 

BRIEF SUMMARY OF THE INVENTION 
[0004] The present invention provides a method for producing a poUshing pad 
comprising (a) providing a porous polymer structure, (b) compressing at least a region of 
the porous polymer structure to provide a translucent region, and (c) fomiing a poUshing 
pad comprising the porous polymer structure, whereby a poUshing pad is produced 
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comprising the translucent region. Steps (b) and (c) can be performed in any order. The 
present invention further provides a polishing pad made according to this method and a 
polishing pad comprising a region that is at least translucent, wherein the translucent 
region is porous, as well as a method of polishing a substrate using the pad of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0005] The present invention involves the use of a porous polymer structure, which is 
r compressed to form a translucent region and formed into a polishing pad. The porous 
polymer structure used in conjtmction with the present invention can comprise any 
suitable polymer known in the art capable of providing a porous structure (i.e., contaming 
a plurality of pores, voids, passages, channels, or the hke, of any size or shape), either by 
its natural configuration or through the use of various production techniques known in the 
art (e.g. , foaming, blowing, etc.). Suitable porous polymers include porous urethanes, 
acrylics, nylons, epoxies, and other polymers known in the art A preferred porous 
polymer comprises, consists essentially o^ or consists o^ a thermoplastic polymer, 
particularly polyurethane. The porous polymer sttucture can be provided by any suitable 
means. One such method involves sintering particles of a thermoplastic polymer, such as 
polyurethane, to provide a porous polymer structure. 

[0006] The porous polymer structure typically serves as the body of the polishing pad 
and usually provides a polishing surfiice, which contacts the surfece of the substrate during 
polishing. The porous polymer structure, therefore, preferably con^irises a surfece texture 
to facilitate the absorption and/or transport of slurry across the polishing surfece of the 
pad. Preferably, the porous polymer structure comprises an intrinsic sur&ce texture that 
allows the surface to adsorb and/or transport poUshing slurry. The term "intrinsic sor&ce 
texture" ref^s to a surfeice texture that arises from the nature of ^e con^sition as 
opposed to texture that is produced by external processes. For exan^le, a porous 
polyvirethane pad may have an intrinsic surface texture as a consequence of the exposed 
pore structure on the pad surface. In addition to, or instead of, the intrinsic surfece texture, 
the porous polymer structure can comprise a surface textvu-e produced by external 
processes (i.e.. extrinsic surface textvire), such as are known in the art (e.g., embossing, 
stamping, cuttmg or abrading, etc.). The porous polymer stmcture of the present invention 
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preferably comprises sufficient intrinsic and/or extrinsic surface texture to faciUtate the 
absorption and/or transport of slurry across the surface of the pad. 
[0007] Preferably, the porous polymer structure is substantially or entirely opaque 
prior to being compressed. According to the present invention, a portion of the porous 
polymer structure is compressed to provide a portion of the polymer that is at least 
translucent. The term "at least translucent," as used herein, refers to the abmty to transmit 
at least a portion of the hght contacting the surface of the pad and can be used to describe 
slightly, partially, substantially, and completely translucent or transparent materials. The 
translucent region of the present inventive poUshing pad is preferably at least translucent 
to hght having a wavelength of about 390-3500 nm. more preferably visible Ught, most 
preferably visible light from a laser hght source, particularly as used in a polishmg device 
to be used with the polishing pad. 

[0008] Without wishing to be bound by any particular theory, it is believed that the air 
or gas filled pores or voids (i.e., micropores or microvoids) within the porous polymer 
matrix of the porous polymer structure cause Ught passing through to scatter, thereby 
reducing the transhicency of the porous polymer structure or rendering the porous polymer 
structure opaque. It is fiirther beUeved that compressmg the porous polymer stmcture 
reduces the light-scattering effects of the gas-filled pores or voids by reducmg or 
eliminatiog the porosity of porous polymer structure. As a result, the compressed porous 
polymer structure has an increased light transmittance (i.c., decreased level of light 
scattering and increased translucence) as compared to the porous polymer structure prior 
to conqyression. 

[0009] As will be appreciated by those of ordinary skill in the art, the degree of 
translucence provided in this manner will depend, at least in part, on the degree to which 
the porous polymer stmcture is compressed the degree to which the porosity of the 
porous polymer structure is reduced). For example, the porous polymer structure can be 
compressed by about 10-50% (eg., about 20-40%) of its thickness prior to compression 
(i.e., the non-compressed thickness of the porous polymer). However, the porosity of the 
porous polymer stoicture need not be completely elmiinated m order to provide a 
translucent region. For example, a region of the porous polymer stmcture can be 
compressed to a degree sufficient to provide a translucent region while retaining some 
degree of porosity. For certain applications, it is preferable to retain sufficient porosity in 

3 
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the compressed, translucent region of the porous polymer structure to allow the absorption 
of fluid or slurry (eg., polishing fluid or polishing slurry) into and/or through the 
compressed, translucent polymer region. The porous polymer also can be compressed to 
provide a translucent region, whereby the pores of the translucent region are substantially 
or completely eliminated. 

[0001 0] Compression of the porous polymer structure according to the present 
invention can be performed in any suitable manner known in the art. As those of ordinary 
skill in the art will appreciate, the most effective technique of compression will depend, at 
least in part, on the particular porous polymer used and the degree of compression desired 
for the particular application. The porous polymer structure can, for example, be 
compressed using calender rollers or various pressing mechanisms known in the art (e.g. , a 
platen press, stamping machine, etc.). Fiirthermore, heat can be xised, either alone or in 
conjunction with other compression techniques, to achieve a compressed stmcture. For 
example, the polymer can be heated to atenqperature approaching, meeting, or exceedii^ 
its softening or melting temperature within about SC'C of its softening or melting 
temperature, or about 10-50''C above its softening or melting temperature) for a period of 
time sufficient to allow the pores of a region of the porous polymer structure to collapse 
under the weight of the polymer itself Alternatively, heat can be applied to the porous 
polymer structure before, during, or after compressing the porous polymer structure using 
another compression technique. For example, a heated press or heated rollers can be used 
to compress a region of the porous polymer structure. When using heat in conjunction 
with another compression technique to compress the porous polymer structure, the porous 
polymer stracture preferably is heated to a temperature that approaches, meets, or exceeds 
the softening or melting tenqperature of the porous polymer. 

[0001 1] The compression of the porous polymer ordinarily results in the translucent 
portion (/.e., the compressed portion) havuag a thickness that is less than the thickness of 
the porous polymer structmre prior to compression. In certain applications, it may be 
desirable to reduce or eliminate this effect. One way of reducing the thinning effect of the 
compression step is to use a space-filling material, such as a space-filling polymer. In 
practice, the space filling material can be placed over the portion of the porous polymer 
structure to be compressed, thereby creating a pre-compressed region that is thicker than 
the porous polymer stracture alone. The space-filling material and porous polymer 
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substrate are then compressed to any desired thickness (e.g., the thickness of the porous 
polymer structure prior to cominression). 

[0001 2] The space-filling material can be any material capable of being placed over 
the porous polymer structure and compressed to create a translucent region. The space- 
filling material (e.g., polymer) preferably bonds with the porous polymer structure through 
compression (e.g., fusing) so as to create a single, continuous translucent layer. The 
space-filling material can, for example, be the same material as the porous polymer. 
[0001 3] Compression of a portion of the porous polymer structure to provide a 
portion that is at least translucent also can be performed in conjunction with a filler 
material. The filler material, typically, occupies a portion of the pores of the porous 
polymer structure, thereby increasing the translucence of the porous polymer stracture by 
replacing the gas or air in the pores of the porous pofymer structuire with a material that 
has a refractive index more similar to the refractive index of the porous polymer. 
According to this aspect of the invention, a filler can be introduced into a portion of the 
pores of the porous polymer structure to provide a filled porous polymer structure having a 
reduced porosity. The filled porous polymer structure can then be compressed to provide 
a region that is at least translucent. The filler can comprise, consist essaitially or 
consist of any suitable material Suitable fillers include, for example, organic compounds, 
such as fets, oils, natural resins, etc. Other suitable fillers include synthetic polymers and 
resins, such as epoxy resins, thermosetting resins, yV-setting resms, photo-setting resins, 
and mixture thereof More specific examples of suitable fillers for use in Conjunction with 
the present invention include polyesters, styrenes, acrylics, acrylates, methyacrylates, 
polycarbonates, ethylcyanoacrylates, and derivatives and mixtures thereof A preferred 
filler material comprises, consists essentially of, or consists of polyester. 
[00014] Although the polishing pad of the present invention can be translucent m its 
entirety, the polishing pad preferably comprises a substantially or entirely opaque region 
in addition to the translucent region. As previously mentioned, the porous polymer 
structure is preferably substantially or entirely opaque prior to being compressed. Thus, a 
non-compressed region of the porous polyma: structure typically provides the 
substantially or entirely opaque region such that the substantiaUy or entirely opaque region 
and the translucent region comprise a continuous polymeric structure. 
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[00015] The substantially or entirely opaque region, however, can comprise a 
material that is different (e.g., having different chemical and/or physical characteristics) 
from the porous polymer structure used to provide the translucent region. For example, 
the substantially or entirely opaque region and the porous polymer structure used to 
provide the translucent region can comprise different types of polymers. Aftematively, the 
substantially or entirely opaque region can be provided by a material that conqirises the 
same kind of polymer as the porous polymer structure used to provide the translucent 
region (e.g. , polyurethane), but which has one or more different physical properties , 
different density, hardness, porosity, air or liquid permeability, etc.). For example, the 
substantially or entirely opaque region can be provided by a porous polymer structure 
formed from sintered polyurethane particles having a particle size of 1-250 [oxi and the 
transparent region can be provided using a porous polymer structure formed from sintered 
polyurethane particles having a particle size of 250-1000 pm, which materials would have 
different physical characteristics. 

[0001 6] Suitable materials for forming the opaque region are generaUy known in the 
art and include commonly used polishing pad materials such as porous or non-porous 
polyurethane, nylon, acrylic, and the like. Also, as previously discussed with respect to 
the porous polymer structure, the substantially opaque region of the polishing pad 
preferably comprises an intrinsic surfece texture and/or an extrinsic surface texture to 
facilitate the absorption and/or transport of slurry across the surface of the pad. 
[0001 7] The translucent region can be formed as part of a polishing pad, or the 
translucent region can be pre-formed and mated to a second structure to provide a 
polishing pad. The second structure can con^)rise any suitable polishing pad material 
known in the art, including any of the materials identified herein, which can the same or 
different from that of the translucent region. For example, the translucent region can be 
pre-formed in a desired size and shape and inserted into an aperture of like size and shape 
in a second polymer structure (e.g., a substantially or entirely opaque material) to provide 
a polishing pad. 

[0001 8] In addition to the features discussed herein, the porous polymer structure 
(compressed or uncompressed), opaque regfons, or other parts of the polishing pad can 
comprise other elements, ingredients, or additives, such as backings, adhesives, abrasives, 
and other additives known in the art. The compressed (z. e. , translucent) or unconqjressed 
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region of the porous polymer structure can comprise, for example, a light absorbing or 
reflecting element, such as an ultra-violet or color adsorbing or reflecting material, that 
enables the passage of certain wavelengths of light, while retarding or eliminating the 
passage of other wavelengths of light. 

[0001 9] The polishing pad comprising the translucent region can be formed by any 
method known in the art. Suitable methods include casting, cutting, injection molding, or 
pressing the porous polymer into the desired polishing pad sh^e. Such forming of the 
poUshing pad can take place before, during, or after the compression of at least a region of 
the porous polymer stracture to provide a translucent region. Other polishing pad 
elements also can be added to the porous polymer before, during, or after shaping the 
porous polymer, as desired. For example, backing materials can be ^plied, holes can be 
drilled, or surface textures can be provided, by various methods generally known in the 
art. Ahematively, the translucent region formed from the porous polymer according to the 
present invention can be inserted into another material before, during or after forming a 
polishing pad from the other material. For example, part of a commercially available 
poUsliing pad can be removed and the translucent region can be inserted into the polishing 
pad. Preferably, a macro- or micro-texture is provided on at least a portion of the surface 
of the polishing pad or porous polymer. 

[00020] The present invention also provides a method of polishing a substrate 
comprising the use of a polishing pad of the present invention, for example, by contacting 
the polishing pad with the surfece of the substrate and moving the polishing pad relative to 
the surface of the substrate, optionally in the presence of a polishing fluid or slurry. The 
present method of polishing a substrate can be used to polish or planarize any substrate, 
for example, a substrate comprising a glass, metal, metal oxide, metal composite, 
semiconductor base material, or combinations thereof The substrate can comprise, 
consist essentially of, or consist of any suitable metal. Suitable metals include, for 
example, copper, alunMnum, tantalum, titanium, tungsten, gold, platinima, iridium, 
ruthenium, and combinations (e.g;, alloys or mixtures) thereof The substrate also can 
comprise, consist essentially of, or consist of any suitable metal oxide. Suitable metal 
oxides include, for example, almnina, silica, titania, ceria, zirconia, germania, magnesia, and 
combinations thereof In addition, the substrate can comprise, consist essentially of, or 
consist of any suitable metal composite. Suitable metal composites include, for example. 
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metal nitrides (e.g., tantalum nitride, titanium nitride, and tungsten nitride), metal carbides 
(g.g., silicon carbide and tungsten carbide), nickel-phosphorus, alumino-borosilicate, 
borosiUcate glass, phosphosilicate glass (PSG), borophosphosilicate glass (BPSG), 
silicon/germanium alloys, and silicon/germanium/carbon alloys. The substrate also can 
comprise, consist essentially o^ or consist of any suitable semiconductor base material. 
Suitable semiconductor base materials include single-crystal silicon, poly-crystalline 

siHcon, amorphous silicon, silicon-on-insulator, and gallium arsenide. 
[00021] The present inventive method is useful m the planarizing or poUshing of 
many hardened workpieces, such as memory or rigid disks, metals (e.g., noble metals), 
inter-layer dielectric (BLD) layers, micro-electro-mechanical systems, ferroelectrics, 
magnetic heads, polymeric fihns, and low and high dielectric constant fihns. The term 
"memory or rigid disk" refers to any magnetic disk, hard disk, rigid disk, or memory disk 
for retaining information in electromagnetic form. Memory or rigid disks typically have a 
surfece that comprises nickel-phosphorus, but the surface can comprise any othor suitable 
material. 

[00022] The present inventive method is especially useful in polishing or 
planarizing a semiconductor device, for example, semiconductor devices having device 
feature geometries of about 0.25 jim or smaller (e.g., 0.18 ^m or smaller). The temi 
"device feature" as used herein refers to a single-function component, such as a transistor,, 
resistor, capacitor, integrated circuit, or the like. The present method can be used to polish 
or planarize the surfece of a semiconductor device, for example, in the formation of 
isolation structures by shallow trench isolation methods (STl polishing), during the 
fabrication of a semiconductor device. The present method also can be used to polish the 
dielectric or metal layers (/.e., metal interconnects) of a semiconductor device in the 
formation of an inter-layer dielectric (ILD polishing). 

[00023] The present inventive method of polishing a substrate can further comprise 

passing light through the translucent region of the poUshing pad and onto a surfece of the 

substrate, for example, during the poUshing or planarizing of a substrate in order to inspect 

or monitor the polishing process. Techniques for inspecting and monitoring the poUshmg 

process by analyzing Ught or other radiation reflected from a surfece of the substrate are 

known in the art. Such methods are described, for example, in U.S. Patent 5,196,353, U.S. 

Patent 5,433,651, U.S. Patent 5,609,511, U.S. Patent 5,643,046, U.S. Patent 5,658,183, 
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U.S. Patent 5,730,642, U.S. Patent 5,838,447, U.S. Patent 5,872,633, U.S. Patent 
5,893,796. U.S. Patent 5,949,927, and U.S. Patent 5,964,643. AU of tbe references cited 
herein, including patents, patent appUcations, and publications, are hereby incoiporated in 
iheir entireties by reference. 

[00024] While this invention has been described with an emphasis upon prefenred 
embodiments, those of ordinary skill in the art will appreciate that variations of the preferred 
embodiments can be used, and it is intended that the invention may be practiced otherwise 
than as specificaUy described herein. Accordingly, this invention includes all modifications 
encompassed within the spirit and scope of the invention as defined by the following claims. 
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WHAT IS CLAIMED IS: 

1 . A method for producing a polishing pad comprising 

(a) providing a porous polymer structure; 

(b) compressing at least a region of the porous polymer structure to provide a 
translucent region; and 

(c) forming a polishing pad comprising the porous polymer stracture, whereby 
a poUshing pad is produced comprising the translucent region. 

2. The method of Claim 1 further comprising heating the porous polymer 
structure. 

3. The method of Claim 2, wherein the porous polym^ structure is heated to a 
temperature within about SO^'C of its melting ten5)erature. 

4. The method of Claim 3, wherein the porous polymer structure is heated to a 
temperature about 10-50''C above its meltiag temperature. 

5. The method of Claim 1, wherem the porous polymer structure is 
compressed by about 10-50% of its thickness prior to compression. 

6. The method of Claim 5, wherein the porous polymer structure is 
compressed by about 20-40% of its thickness prior to compression. 

7. The method of Claim 1, wherein the porous polymer structure is opaque 
prior to the compression step. 

8. The method of Claim 1, wherein the porous polymer structure conqprises a 
thermoplastic. 

9. The method of Claim 8, wherein the porous polymer structure comprises 
pol3airethane. 

10. The method of Claun 1 further comprising mating the translucent reigion to 
a second polymer structure. 

1 1 . The method of Claun 1 , wherein the polishing pad further comprises a 
substantially opaque region. 

10 
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1 2. The method of Claim 1 1 , wherein the substantially opaque region is 
provided by a non-compressed region of the porous polymer structure. 

13. The method of Claim 11, wherein the substantially opaque region is 
provided by a material that is different from the porous polymer structure. 

14. The method of Claim 12, wherein the translucent region is thinner than the 
substantially opaque region. 

1 5. The method of Claim 1, fiirther comprising overlaymg the region of the 
porous polymer structure to be compressed with a space-filling material prior to 
compressing. 

1 6. The method of Claim 1 5, wherein the porous polymer structure and space- 
filling material overlaid thereupon are compressed to a thickness about equal to that of the 
porous polymer structure prior to conpressing. 

17. The method of Claun 16, v^ein the space-filling material is the same as 
the porous polymer. 

18. The method of Claun 1, wherein the porous polymer structure comprises an 
intrinsic surfece texture. 

19. The method of Claim 18, wherein the translucent region comprises an 
intrinsic surface texture. 

20. The method of Claim 1 , further comprising providing an extrinsic surface 
texture on at least a portion of the surfece of the poUshing pad. 

21. The method of Claim 1, whraein the translucent region is translucent to 
light having a wavelength of about 190-3500 mn. 

22. A polishing pad produced by the method of Claim 1 . 

23. The polishing pad of claim 22, wherein the translucent region is porous. 

24. The polishing pad of claim 23, vdierein the translucent region is sufficiently 
porous to absorb or transport polishing slurry. 

25. A polishing pad comprising a region that is at least translucent, wherein the 
translucent region is porous. 

11 
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26. The polishing pad of claim 25, wherein the translucent region is sufficiently 
porous to absorb or transport polishing slurry, 

27. The polishing pad of claim 26, wherein the polishing pad further comprises 
a substantially opaque region, 

28. The polishing pad of claun 27, wherein the substantially opaque region of 
the polishing pad is provided by a non-compressed region of the porous polymer structure. 

29. The polishing pad of claim 27, wherein the substantially opaque region of 
the polishing pad is provided by a material that is different from the porous polymer 
structure. 

30. A method of polishing a substrate comprising contacting a substrate with 
the polishing pad of claim 22 and moving the substrate and polishing pad relative to each 
other. 

3 1 . The method of Claim 30, wherein the substrate is a semiconductor device. 

32. The method of Claun 3 1 further comprising passing light through the 
translucent region of the polishing pad to evaluate the polishing of the substrate. 

33. The method of Claim 32, wherein the light is a laser light. 

34. A method of polishing a substrate comprising contacting a substrate with 
the polishing pad of claim 25 and moving the substrate and polishing pad relative to each 
other. 

35. The method of Claim 34, wherein the substrate is a semiconductor device. 

36. The method of Claim 35, further comprising passing light through the 
translucent region of the polishing pad to evaluate the polishing of the substrate. 

37. The method of Claun 36, wherein the light is a laser light. 
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